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SYNOPBLB. 

The brightnees of the wm m e d  elmoat dail at the American 
University, W d n g t o n 3 . C .  between A ril6 and &ly 14, inclusive, 
and at Chcago, Ill., between iuly 19 and l u p t  13, inclmve, 1921. 

The illumination from sunlight and skyhght combined, and from 
skylight alone, waa m e d  on a horizontal surface! and a!m on a 
eurface normal to the incident aolar ra and at Waghmgton, in ad&- 
tion, measurements were made of the &&ht illumination on vertical 
~ ~ r f a c e ~  facing Oo, Go, 90°, 1S0,  and.180 in azimuth from the sun. 

The measurements were made mth a Sharp-hhllar photometer, 
the comtanta of which have been checked frequently at the United 
Statee Bureau of Standards. 

About half the Chicago measurements were made on top of +e dome 
of the Federal Building, in the Loop district, one of the sm~lneet em- 
tiona of the city. The remslnder were made at the Umveraity of 

which in summer is comparatively free from smoke when the 
%%&e from the lake. Southeant and eouthwest winds, however, 
bring considerable smoke from South C4cago and the Umon Stock- 
yardi, respectively. . d 

There is little amoh in the atmosphere at the American University, 
n n  
LI. V. 

A comparieon of the Waahi ton and Chic meaaurementa ahowa 
that toward the sun on cloundiem d a y  the% brightneae doea not 
differ materially at the two places, but opposite the sun the horizon 
in Chicago ia darkened by the smoke, especially in the Loop dhtrict. 

With a cloudlem sky the direct solar illumination at Chicago ia notice- 
ably weaker than at Washington, and in the Loop district, with the 
sun not more than 40' above the horimn, it aversgee only 80 per cent 
aa intenee. The illumination on a vertical surface €acing 180' in 
aeimuth from the sun computed from the sky-brightneae measwe- 
menta, averagee o d  about two-thirds aa intenae aa the illumination 
computed from ai& meaaurementa for Waehington. 

PHOTOMETRIC UNITS. 

In photometric measurements, as in all others, a unit 
of measure is required. In  the United States the Inter- 
national candle is the unit generally em loyed. 

this paper three 2 efinitions become 

= F. =radiant power evaluated ac- 
capacity to produce the sen- 

emitted in a umt solid angle by a 
power = one'lumen. 

(2) The illumination on a suJace, =flux density on the 
surface, =F/S, where S is the area of the surface. Thus, 
a flux of one lumen has a surface density of a foot- 
candle a t  a distance of one foot, a meter-candle a t  a 
distance of one meter, and a phot a t  a distance of one 
centimeter. There are 30.48 centimeters in one foot; 
therefore one phot = 929 foot-candles, since (30.48)3 = 929. 

(3) The 7mfLtness of a perfectly-diffusing surface ra- 
diating or re ecting one lumen per square centimeter is 
one lambert. It is equivalent to a perfectly-diffusing 
surface with an illumination of one phot. 

OBBEBVATIONAL PROGRAM. 

Sky b.rightness.-The source of the brightness of the 
sky is threefold: (1) The direct diffusion of sunlight by 
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the gas molecules and dust and other particles in the 
atmosphere; (2) reflection of light from the surface of 
the ground and other objects; (3) secondary diffusion of 
light by the atmosphere. The diameters of gas molecules 
are small as compared with the wave length of li ht and 
cause a greater proportion of scattering at  the b 4i ue end 
of the spectrum than a t  the red end, g i y h e  sky its 
blue color. The diameters of the dust and ot er particles' 
in the atmosphere are generally large as com ared with 

color of the sk . 
able percentage of the light that they receive, depending 
upon both the angle of incidence and the angle of re- 
flection of the light. If the cloud la er is continuous, and 
everywhere of equal thickness and B ensity, it approaches 
a matt surface, and its underside should be everywhere of 
equal brightness. 

From the laws of diffusion or scatterin and of the 

sky should be s etrical on the two sides of a vertical. 

or haze distribution is unsymmetrical, or the surface of 
the earth under the two sides differs materiall as for 
instance, land under one side and water under t F e other. 
In order to economize the time re uired for making the 

ness is symmetrical on the two sides of the sun's vertical. 
Measurements are therefore confined to one side, andi t  
is generally a matter of chance on which side they are 
made. 

The observational'pro am calls for a series of measure- 

above the horizon is O', 20°, 40°, 60°, and 70'. Not many 
observations are obtained in summer with solar altitudes 
0" and 20°, and none can be obtained in winter with solar 
altitudes 60' and 70'. A comxlete series of readings 
includes measurements a t  2', 15 , 30°, 45', 60°, 75', and 
90' above the horizon on vertical quadrants of circles at 
Oo, 45O, 90°, 135' and 180' of azlmuth from the sun's 
vertical. Three photometric settings are made at each 
point, or 105 settingsfor each series, whichlatter generally 
re uires from 10 to 12 minutes of time. 

%or the purpose of classifying the observations they 
have been grouped according to the solar altitude at the 
time of the measurements and the state of the sky. 
Skies have been classified as follows: (1) clear, when few 
or no clouds are present in the half of the sk measured; 
(2) overcast with thin clouds or dense haze; (3ycom letely 

nbr blue sky can be seen; (4) covered with clouds from 
which rain or snow is fallin ; and .(5) artly overcast 

included in the first four classifications. 
the 

total daylight illumination (solar + sky) is measurepon 8 

the wave len th of light. These particles there P ore reflect 
tho white lig a t from the sun, and greatly dilute the blue 

When detac E ed clouds are present they reflect a vari- 

reflection of light, it follows that the brig a tness of the 

circle through t r= e observer and the sun, unless the cloud 

measurements, it has been assume 1 that the sky bnghb 

rnents as nearly as possi T le when the altitude of the g u n  

covered with clouds or dense fog, so that neither t % e sun 

with clouds. This latter incudes T all t R a t  can not be 

IUuminution.-At Washington, with a clear sk 
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horizontal surface and on a surface normal to the in- 
cident solar rays,’and the shyli ht illumination on the 

90°, 1 3 5 O ,  and 180°, in azimuth from the sun. With a 
cloudy sky the skylight illumination is measured on a 
horizontal surface, and on vertical surfaces oriented as 
above, the sun’s azimuth being calculated approxi- 
mate1 . 

At 6hicag0, measurements were made of the total day- 
light illumination, and of tohe skyliiht illumination alone, 
on a horizontal surface, and also on a surface normal to 
the incident solar rays, when no clouds were present. 
With a cloudy sky the skylight illumination was niensured 
on a horizontal surface only. 

A compensated test late was employed in all illumina- 
tion measurements. &he certificate furnished by the 
Electrical Testing Laboratories, New York, shows that 
the deviation of the measured brightness of the plate 
from the theoretical brightness, accordin to Lambert’s 
cosine law, is less than 1 per cent for a i  angles of in- 
cidence up to and including 40°, and is only - 2 per cent 
at 80°. 

F’ ure 1 shows the photometer mounted in its shelter 
on t f e roof of the College of History, American Uni- 
versity, D. C. The sides of the shelter rise to the level 
of the center of the test plate when the elbow tube of 
the photometer is horizontal. The inside of the shelter 
is painted flat black, and measurements indicate that its 
coefficient of reflection is only about 3 per cent. This 

eatly reduces the reflection of light to the test plate 
r o m  objects below it. 

Resting on the photometer is a shade that is used to 
shield the test plate from direct sunlight when desired. 

same surfaces and also on vertica fi surfaces facing Oo 45O, 

SUMMARY OF SKY BRIGHTNESS MEA8UREMENTS. 

A summary of these measurements can best be shown 
by graphic methods, as in figures 2 and 3. Half the sky 
on one side of the sun’s vertmal is shown in stereographic 
projection in Figure 2 (a) to (h),  inclusive, and Figure 
3, (a),  (b), (c) and (e). Figure 3, (d)  and ( f ) ,  are for the 
half of the siy farthest from the sun. The figures at 
one end of the lines of equal sky brightness give the 
brightness relative to the zenith. At the other end, they 
give the bri htness in millilamberts. 

urements obtained on a out 25 clear half days, 29 cloud 
half days, and 15 half days with the sky covered wit 
thin clouds or haze. Those for Chicago represent about 
seven clear half de s and only one cloudy day. 

Figure 2, (a),  (b[ and (e), for Washington, show the 
change that occurs in the brightness of a clear sky with 
increase in solar altitude. In  general, there is a point 
of minimum brightness a little less than 90’ from the 
sun and in his vertical, and a dark valley extends from 
this oint to a point between the sun and the horizon. 
The Erightest area is about the sun, and the brightness 
enerall increases from the zenith towards the horizon. 

h e m  ciarts are in good accord with those constructed 
by Dorno ‘Ifrom measurements made at Davos, Switzer- 
land, except that the horizon, and the sky o posite the 
sun, is in general brighter a t  Davos than at Tfashington, 
especially in winter, probably because of the greater 
amount of light reflected to the sky by the snow-covered 
Alps. Some un ublished measurements made by F. W. 
Little at Key #est and Sand Keys, Fla., and off Long 
Island, N. Y., give a darker horizon opposite the sun than 

z The data 5 or Washin ton represent the means of meas- % 

I Dorm C. Hlmmelshell t HLmmelspolansstion und Sonneduhdt&t  in Dsvos 
1011 b18 i0B. V i m 6 F E d n  &a Pr~wfachn, Mefmrolo#achen Innllulr. Nr. 303. 
A h d l - B d .  I. 

ven by the Washington data, probably becauseamt 

face, which is a poor reflector of li ht. Dornoa found 

74 per cent, the latter for newly fallen snow, as com- 
pared with 6 to 7 per cent for grass-covered ground, and 
2 per cent for a water surface. He also found that with 
the sun 30’ above the horizon its surface b htness is 

zenith.3 
A comparison of figure 2, (c) and (d), for C h i c ~  with 

figure 2, (b), for Washin ton shows marked simlanty, 
except that at Chicago t f e horizon opposite the sun is 
darker than at  Washington. This is especially the c t m  
in the “Loop” district, where, at azimuth 135’ from 
the sun the measurements show the horizon to be less 
than hdf aa bright as at Washin ton 

The data of figure 2, (f), for #ash(ngton and (g) and 
(h) for Chicago, with a cloudy sky, show a radical de- 
parture from the data for cloudless skies. The brightest 
area is near the zenith, from which there is a nearly 
uniform decrease in bri htness in all directions to the 

is again less than half as bright as the homon at Wash- 
in ton. 

%his darkening of the horizon can not be attributed 
to the influence of Lake Michi an, since with a clear 
sky it is quite as marked in t 5 e morning, when t4e 
photometer tube is pointed away from the lake, aa in 
the afternoon, when the tube is pointed toward the 
lake. It must be attributed to the smoke cloud, which 
is dark in color in comparison with either the clear sky 
or cloud surfaces. 

Mention should here be made of a series of measure- 
ments of the brightness of the sky in the zenith made 
at Chicago between October, 1897, and August, 1899,’ 
which gives for the annual mean zenithal bnghtness at 
noon, espressed in candles er square foot, for a cloudy 

covered with thin clouds, 620 candles. Expressed in 
millilamberts, these become 676, 1031, and 2096, respec- 
tively. The two latter values approximate the b*hb 
ness of the sky at  Washington under like conditions 
with respect to clouds, when the sun is 409 above the 
horizon. The value for a cloudy sky is about that for 
a sky in Washin ton covered with clouds from which 
rain is fallin wit % the sun 20’ above the horizon. 

The mont 5 y mean values with a clear sky are higher 
than measurements at Washin ton with the sun at 
correapondmg altitudes above t % e horizon, while the 
monthl means for a cloud sky are markedly lower, 

&he data of $re 3, (a), shows that at Washington 
thin clouds or ense haze increase the brightness of 
the sk especially in the zenith and near the sun. This 
is thebghtes t  typa of sky measured at Washington. 

With rain falling the brightness distribution is much 
the same as with a cloud or fog-covered sky, but the 
absolute brightness averages only about half as great. 

With the sky partly covered with clouds the bright- 
ness varies from that of a clear sk to that with a skg 
covered with thin clouds or dense laze. Luckiesh5 and 
Aldrich: working independently, have fotind that dense 

is of ?L ittle’s measurements were made over a water & 

the albedo of a snow surface to be 7 rom 60 per cent to 

1,000,000 times the brightness of the clear ”%. s y in the 

horizon. In  the “Loop 5 district of Chicago the hotizon 

sky 200 candles; a clear s E y, 305 candles; and a sky 

es eci ai i  y durin the fall ancywinter months. 

-_ 
2 LOC. dt.. D. 2l4. 
8 Loc. dt.; h b l e  14. 
4 Basqrun, 0 H Dapli t IUumlnatim. II. Brightness of the Sky. The Illurnha- 

5 LucMesh: M. The +lsihliItp of’Aiir Pianas.. Jr. Finklin Znotitutr, 1010, vol. 187, 
hag hbgmca New-Sork b ec 1906 Vol 1,pp 823-m 

n .1IyI r. 
e Aldrlch, L. B. The Reflecting Power of Clouds. BnrWoniafb MJC. W ,  v d  Bo, 

No. 10. 
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PIG. 1.-Photometer and ehelte 
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(e) Washington. D. C Clear sky. 

(kdwashington, D. C Clear sky. (f)wsehingtos D.'C Cloudy sky. 

(d)Federal Building Chi- Ill. Clear sky. I(h)Fedeeal Wlildin&-U QOuay&g ' 

FIG. %-Sky brlghtnwsinmillilamks. Sun'spdtion indicated by K. Stereographic proJectlon. 
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(al sky c o d  with thin clouds Id) Cloudy sky. 

IC) Cloudy sky. if/Clear sky. 

Fm.3.-Bkybr&htnessat Washington, D. C..inmillilamberts. Solar altitude No, and pmitlon iudieated X in (a), (b), (e), and (e). Stereographio pmjdon. 
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Place.. 

white clouds reflect about 78 per cent of tke li ht  that 
they receive,. and that >he cloud surfsoes may %e from 
five to ten tunes as bright as adjacent patches of blue 
sky. 

TABLE l.-Xeam of daylight illumination mcaausmcnts. 
CLOUDLESS SKY. 

Solar illumi- 
nation. 

solar 
alti- On 
tuda N m a l  hod- 

I 
i I I I-. 

ind- zontal 
dence. mr- 

Chica U ............ 
Wash&m ........... 
ChICagO, u ............ 
W ........... 
Chicago U ............ 
Chlcago'F ............ 
Waalllobon ........... 
cllicago u ............ 
Chicago: F ............ 

C h l l k  .......... 

Skylight illumlnation. 

--- 
e F. C. B. C. 
6 1,220 205 

24 4,870 2,020 
22 5,840 1,850 
a3 3850 1360 
42 7'820 5'560 
41 6'410 4'080 
41 6'100 3'440 
60 8:970 6:450 
60 7 840 7 130 
55 8:380 7:ssO 

sur- 
face. 

0' 45. 
--- 
F. C. F. F. C. 

339 
gga 
912 
939 

1'4l33 

1'740 1,440 1,m 

1,390 

1340 1,580 1,320 

1' 300 

2: OM) 

............ Chicag0,U 
Chic o F ............ 
Chicago u ............ 
Chica o:F ............ 
Chlcsgo U ............ 
C o:F ............ 

was& ........... 
Wasdugton..: ........ 
W%gton ........... 

135- 190. 

F. C. F. C. 

__- 

157s 1534 

1760 1580 

I 
I 20 2,2430 rn 1180 

20 ........ 1080 1'050 

80 4'550 8'090 3'980 2,310 2,080 1,800 11,780 11,PO 
80 6'910 . 5'850 3'10 

40 4,520 3:150 3 : ~  2 , ~  2,4m 1,580  PI,^ 1762 

70 4:280 1 3:7ao 4:360 2,180 1,m 1,850 *l,M 11,W 

40 4 660 2 800 1530 
40 5'320 2'690 2'160 

60 5'690 2'660 3'140 

PARTLY CLOUDS SKY. 
, I  I I I I I I I  

, , , I  

Chicag0,U ............ ................ %lo 

Chicago U ............ 41 ................ 1'736 
Chicano: F . .  .......... 40 ................ 1'315 

60 ................ 2'150 

F ............ ................ m .......... 40 ................ 1sw) 

60 ................ (871 
60 ................ 792 m ................ 3.450 

1 

"%&ton. 78!2 

920 

1,310 

m 

941 

1,250 

washTr&on.. ......... 
chieago u ............ 
w.ash&on. .......... Chicagd F.. .......... 

849 792 

977 932 

1,210 1,220 

1 Comperls? With Table 5 indicstes that these vsluea are too Ugh on account of the 
reflection of direct solar illumination from the blackened interior w a h  of the photom- 
eter sheltar. 

Nol~i.4hlceg0, U.-UniVereity 01 ChhgO; Chicego, F.-Federal Building, Chicago. 

SUMMABY OF DAYLIGHT-ILLUMINATION HJEASUREMENTS. 

In Table 1 are given the means of dayli ht  illumination 
measurements made at  Washington ancfchicago. The 
only important differences to be noted are between the 
solar illumination measurements at Washington and at  
the Federal Buildin Chicago. With the sun not more 

80 per cent of the former. The Washin ton measure- 

There is a marked increase in direct solar illumination 
with increase in solar altitude, especid on a horizontal 

horizontal surface. The increase in the illumination on 
vertical surfaces is not so marked, and the difference 
between the illumination on a surface facing 0' and 180°, 
respectively, in rtzimuth from the sun, grows less with 
increased solar altitude. 

Direct solar-illumination measurements show extreme 
departures from the mean value of about f30 per cent 
with solar altitude 40°, f20 er cent with solar altitude 
60°, and f12  per cent w i g  solar altitude 70'. Sky 

than 40' above the k orizon the latter average less than 

ments are also a few er cent hi her than t B ose obtained at Mount Weather, VP a., in 1914. 5 

surface, and also an increase in sky i 8 umination on a 

illumination on a horizontal surface, with few or no 
clouds present shows variations from the mean of about 
f40 per cent regardless of solar altitude. In the cam of 
both solar and sky illumination, however, the extreme 
plus departures are greater than the extreme minus de- 
partures. 

The illumination on vertical surfaces with the sky 
partly covered with clouds shows variations of about 
f 60 per cent on each side of the mean. Or, roughl the 
maximum sky illumination measured on a vertic$sur- 
face has been about four times the minim? illumination 
measured on the same surface. Illmunation from a 
cloudy shc shows about the same order of variation. 
COMPUTA'lTON OF DAYUQHT ILLUMINALTION FROM SKY- 

BRTQHTNESS MEASUREMENTS. 

Moore and Abbot have shown that the illumination on 
a horizontal surface ma be computed from sky bright, 

Sup ose the hemispherical sky surface of radius r to be 

angular altitude of these zones above the horizon=& 
Then the radius of any zone=r cos 8, and the circum- 
ference= 27trcos e. Let the width of the zone-r d 0; its 
area = 2 d c o s  ed e. Let the sk brightness everywhere = 

brightness of an elementary zone = dZ 

ness measurements as fo 8 ows : 

divide $ into elementary horizontal zones, and let the 

one unit, and the horizontal f ight intensity due to the 

Taking zones 10' in width as in chart 10, and solving 
ed to e, we e uation (1) for the limitin values assi 

dividing out the common factor d. 
o 2 tain the relative values o f Z given in !i? able 2, after 

TABLE 2.--Relative values of I for different v a i w  of 8. 
I I I I I 

These relative values are to be multiplied by the aver- 
e bri htness of the respective zones, whch is best 

o 3 %  taine by first estimating the average brightness of 
s herical olygons measuring 10' on a side,.as shown on 
%ure 3, (E), which is based on the equal bnghtnms lines 
o f  figure 2 (f). The aver e brightness of each zone is 
then easily computed frornxe brightness of the polygons 
it contains. 

A similar method may be followed in computing the 
illumination intensity from the sky brightness on any 
plane surface, as, for example, u on a vertical surface, 

(d), are examples of such concentri? zones, and are 
arranged for the computation of the. illumination upon 
vertical surfaces facing 90' and 180' m azimuth respec- 
tively, from the sun. These two figures are Jso con- 
structed from the data given on figure 2 (f). 

As an illustration of the computation we have taken 

provided the zones of e ual md t  l are drawn concentric 
about a line normal to 7l t at surface. Figure 3, (c) and 

derived from readings 
1921, with the sun 40' above 

the different steps of the 
illumination in foot, 

- 
6 Moore, A. F., and Abbot, H. L. The Brightness of the Sky. Bnribimricwr m. 

Collcctim, vol. 71, No. 4, p. 14. 
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0 ................. 
45 ................ 
BO ................ 
135 ............... 
180 ............... 
Mean.. ................. 
Horizontal surface 

Ulumination. 

TABLE 3 . 4 k y  brightncss in t m  of zenith briglrtneas; cbiidy sky. 
[Mean of Fay 25, a6, and 27. Solar dtitude-W.] 

-. 

I 

0.476 
0.439 

0.34!2 
. a 3 m  

0.25 - 

......... 

Azimuth from -- 
sun. I 20. 

F. C. 
Cor- 

&ed for i dim- 

served. =,;: 
Ob 1 bright- 

ness. 

Altitude of point observed. I Inaans- 

LW 
207 
363 
?53 
49s 
390 
i3i 
410 
957 
319 

MI. F. C. 
1.174 1.168 1.178 1 00 1 2,W I 978 

0 . W  0.M i o 0  ' 2.290 I,% 
om a m  1 0 0 1  zm 
i W l  1.102 1100 1 2:7M 72S 
0.808 0.828 1.001 2,9321 693 

.................... 
0.691 .......... 
.607 .......... 
.7s2 .......... .................... .sx 0.599 

.365 I .576 

.................... 

.................... 

.................... 

...... ............................ i ...................... 4 ...... _j ...... I ...... ......... 1.718 

!.......I i ?.SO ........ 
I /  

! 

I t  - 

3.w .......... 1.w 31.44 
93.52 .......... 1.852 117.62 

16. ,* .......... 222 17 

TABC.E 4.-Illumination mnpiited froin sky brightncw. 

On vertical surface goo from sun. 1 On horizontal surface. 

.......... .......... 

.......... 
0-10 ......... 1 am 1 XI-30 ......... 0.1% 

10-20 ......... 0.m 

Ml. F. C. 
23.47 .......... 
92.93 .......... 

103.59 .......... 
221.19 .......... 
154.04 .......... 
250.53 .......... 
zL230 .......... 
159.38 .......... 

= I  1 MI. 
!mI 

1 075 

3 ~ 0  .........I n.163 i m  
40-50 ......... 0.174 l ' S 1  
5040 ......... 1 I). 163 1:757 
60-10 ......... 0.1% 1,908 
70-50 ......... o.op7 2.01s 

1: 232 

80-90 ......... ! 0.030 2,091 

Fer c d .  MI. F. C. 
100.0 I . 4 7  .......... 
1mo 92.92 .......... 
loa0 163.59 .......... 
81.9 moo .......... 
38.6 98.90 .......... 
19.5 43.30 .......... 
9.5 15.10 .......... 

lIm.0 31.19 I .......... 

Total.. 
*total.. ................... 

0-10 ......... 0.m 
10-20 ......... a m 7  
z0-30 ......... 0.133 
3 0 4  ......... 0.183 6x1 ......... 0.174 
~(HIO ......... aim 

80.w ......... a m  
w 7 0  ......... a m  
7 ~ 8 0  ......... a m 7  

-- 
l o t  m... ................... 
f total.. ................... 

MI. 
1 OM 

~9 

1'230 
1'357 i'm 
i:m 
1 en i'm 
1:- 

On vertical surface 1800 from sun. 1 Bkyobscured. 

It will be noted that the measured illumination on 
vertical surfaces is a little greater than the comput,ed, 

erhaps because of the reflection of some light from the 
backened walls of the shelter. On the other hand. the 
computed illumination on a horizontal surface is 10 per 
cent greater than the measured, but this discrepancy 
is not great when we coiisider the variation in sky bright- 
ness indicated by the zenith bri htriess measurements. 

vertical surfaces facing 180' in azimuth from the sun, 
from the sky brightness measurements made a t  the 
American Universitv, District of Columbia, and the 
Federal Building, Chic 0, are given in Table 5. The 

facing 180' from the sun, with the sky clear, as given in 
Table 1. over the comnuted values for Washineton Bven 

The results of a computation o B the illuminatioii upon 

excess in the measured 3 ' umination on a vertical surface 

sunhght from the blackened interior walls of the photo- 
meter shelter. With a cloudy sky it will be noted that 
the difference is small. 
TABLE 5.-Illumination m a vtrtical su,Vacef&ng oppositc thc SUR 

mpictdfrmn S ~ J  bnghtncss. 
........ .- . ..... . 

Place. 

. . . . . . .  _-_ -- 

Wmhington. ................... 
Chicqo.. ...................... 
Washmgton.. .................. 
ChicaFo. ....................... 
wmhlngton.. .................. 
C h i r p .  ...................... 
Wns ngton .................... 

Chicago.. ...................... 
.................. ................. 

Character 
of sky. 

... -. 

Clcar.. ... 
, . .do.. ... 
, . .do.. ... 
... do.. ... ... do.. ... .. .do.. ... 
Clondy.. . .. .do.. ... ... do.. ... 
, . .dn ..... 

1Uuminstion. 
-. ... _- .... ... 

Chlcspo I-_-- Ratio wanbinmu 

I j 

Since August 1 was the only cloudy day on which sky 
brightness measurements were mado at  thc Federal 
Building, Chicago, the zenith brightness of this day can 
not he considered the average for cloudy skies a t  Chicago. 
The ratio of the mean zenith brightness with a cloudy 
sky at Washington to the zenith bri htness measured at 

1.575 for solar altitude 60°. Multiplying the observed 
ratios for a cloudy sky in Table 5 by the ratios just iven, 
respectively, we obtain 0.599 and 0.576, which pro%ablp 
better re resent the relative illumination intensities a t  

The data of Table 5 lead to the following conclusion: 
The dayli ht illumination on a vertical surface facing 

t%e sky, in the Loo district of Chicago under summer 

thirds as intense as the illumination on a similarly ex- 
posed surface at  Washington under similar sky c.onditions 
with respect to clouds, except when the sun is more 
than 40' above the horizon and the sky is clear. 

Chicago on August 1 is 1.059 for so f ar altitude 40' and 

the two p 9 aces than the observed ratios. 

o posite t a e sun, and with an unobstructed exposure to 

conditions as regar B s smoke, averages only about two- 

THE SHADING EFFECT OF BUILDINGS AND OTHER OBJECTS. 

For com uting the shading effect of buildings on the 

[et w =  the width of the clear street s ace, h= the 
height to which opposite buildings exten i above the 
center of a window that is under consideration, a = the 
angle between a line normal to the window surface and 

op osite si B e of a street we have the following equation: 

a horizontal line drawn to a point 
ings, and e the angular height of 
point p ,  as seen from the center 

I--- 

(2) 
1 Tan e = 749/ --- 1 + t anb  

Let h=2w, w, and +w, respectively, and let the row 
of buildings be of infinite length. We obtain the follow- 
ing relations between CY and e. 

in Table 5, is fully eGp1ained by the reflectioi of Jirect , I  I I , I , I I 
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On figure 3, (b) and (c), the area below the broken line 
represents the sky area cut off by a row of buildings where 
A=2w* on figure 3, (d), it represents the sky area cut off 
by buifdmgs where h=w, and on figure 3, (f), it represents 
the area cut off by buildings where h = +w. 

It is to be noted that my obstruction On the horizon 
cub  off the portion of the s b  that is most efficient for 
lighting vertical surfaces, such as the side windows of 
buildings and especially if the sky is clear. 

the shading Of a window by a row of buildings opposite. 

following brief extracts have been made with the consent 
of MI-. Sruirnoff and Mr. R. B. Patterson, engineer for the 
company: 

The District of Columbia has a double system of electrical supply; 
alternating current for the greater art of the residential section and 
direct current for the greater art 0: the business section. There is a 
comparativelv small industriayload in the Dietrict, a condition favor- 
able to a study of the relation between daylight and load. 

It haa been found that during the day in the business section a sudden 
increase in current consumption occuw when the dayli ht illumination 

Tab\e 4 is given an exmple of the computatioq of intensity falls below 1,500-foot candles. The lower $e intensity the 
higher the current consumption, but fluctuations in intensity above 
1,Soo-fWt candles ha1-e only a negligible effect. 

FIG. 4.4mparison of solar and eky rsdfatlon intensiby with elwlric light losd. 

with h = w, using thc data contained in Fig. 3 (a). In this 
case the proportion of skylight cut off equals 405/673, or 
about 60 per cent. 

It is possible to extend these computations so as to 
determine the illumination resulting from exposure to 
any known area of the sky,  which would, of course, vary 
with tho character of the sky and time of day. 

The reflection of light from ground surfaces and froni 
$he walls of buildings and other objects is an 'important 
sub'ect that will receive future consideration. 

&e utility of measurements and computations such as 
the foregoin is clearly shown by recent unpublished 

#r. A. Smirnoff, statistician of the Potomac 
studies Electric blJ ower Co., Washington, D. C., from which the 

There are two eneral causes of decrease in daylight 

creased cloudiness. 
With reference to (1) the time of the occurrence of an 

intensity of 1,500 foot-candles with a clear sky at  differ- 
ent latitudes has already been computed.g While we 
expect to increase the accuracy of these com uted.values, 

utility. 
eatest interest attaches to 

the rapid diminution in d a y r h t  intensity in summer in 
connection with severe thun erstorms. On July 15 of 

illumination: (1) 5 ecreased solar altit.ude, and (2) i -  

Mr. Smirnoff has already pointed out t R eir present 

With reference to (2) the 

3 - ~ - - ~~ 

* Klmball Herbert €I. Variations in the total and luminous solar radiation with 
feographicai osition in the Unlted Statas. No. WEATEER REV., November, 1919, 

7; pp. 7 ~ 7 4  as. 18-18. 
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this year in Washington shortly after 3 . m. an unusually 

rapidly to somethin like a foot-candle, and the resulting 

that put the Electric Power plant temporarily out of 
commlnsion. The darkness lasted for about an hour. 
Figure 4, which was prepared b Mr. Smirnoff. enables 
us to compare the intensit of so 3 ar and skv radiation on 

lighting load. It will be noted that whenever the radia- 
tion intensit fell to about six units on the vertical scale 
of the recorb: or about 0.25 ram-calories er minute per 

the electnc lighting load always increased, on account of 
more lights being used. 

Acknowledgment is made of our indebtedness to Prof. 
Henry J. Cox, in char e of the local office of the Weather 
Bureau at  Chicago, I[., and to the members of his office 
force, for assistance p e n  in connection with the obser- 
vational work at  Chica 0. Especial mention should be 
made of Mr. Paul E. j9 ohnson, who made many of the 
readin s a t  the University of Chicago, and Mr. William 
L. Maone , who made a part of the readin on the 

carried on under adverse conditions; 
cooperation of Prof. Cox and his 

severe thunderstorm caused the daylig % t intensity to fall 

sudden increase in f oad was probably one of the factors 

this day, and also on J u y  r 29, 1921, with the electric 

square centimeter, = 1,500 Li oot-candles o P illumination. 

dome of t z e Federal Buildmg. Observationaywork at  

been impossible. 

SUMNART. 

From measurements of sky brightness that have been 
made at Washin ton and Chicago, charts have been pre- 

conditions of cloudiness and with the sun at different 
altitudes. 
On these charts the sky has been divided into 10-degree 

zones concentric about the zenith, or about selected 
points on the horizon, and the brightness of these zones 
determined for typical sky conditions. 

It is shown that with these data it becomes possible to 
compute the illumination resulting from the sky bright- 
ness on a. horizontal surface and on vertical surfaces facing 

account of the 

pared showing t % e brightness of the sky under different 

objects. This 

from exposure to any given ortion of the sky at any 

deviation and t i e extreme deviations from those mea.n 
values may also be given. 

While each case becomes a se arate and distinct 

industrial centers tables may be repared covering a ma- 
'ority of cases that will arise, an B perhaps differentiating 
between good and bad illumination. 

hour of the da or season o P the year. The standard 

problem, it is believed that for t 5 e more important 

UNIVERSITY COOPERATION IN S K Y  B.RIGHTNESS 
MEASUREMENTS. 

In the discussion of the report of the Committee on 
Skg Brightness of the Illuminating En ineering Society 

ested that the universities might cooperate in this wor 
%y assigning it as the subject of a thesis for an advanced 
student. 

% at the recent convention in Rochester, 8 . Y., it was su 

The Weather Bureau would welcome such cooperation, 
and suggests that universities Wishing to undertake this 
work correspond with Dr. H. H. Kimbd,  Weather Bu- 
reau, Washington, D. C., Chairman of the Committee on 
Skv Brightness, I; E. S. 

It seems desirable that work along this line if under- 
taken by different individuals or instit.utions should be 
coordinated, so that measurements made in different 
localities may be comparable, and also to avoid unneces- 
sary duplication.-23. 23. K. 

COMPARISON OF DIFFUSE AND DIRECT SOLAR 
RADIATION.' 

By J. VALLOT. 
ys/. s2p +.A 

[Reprinted from Scicncr Ahstrads, Aug. 31, 1921, p. 54S, 6 13x4.1 

Employing Arago and Michelson actinometers, the 
latter for cfrect solar radiation, determinations were 
made at Nice, hourly from Sh. to 16h. on 30 clear days 
distributed throughout the year! of I,, the intensity of 
direct solar radiation, I t ,  the total radiation, and It,, the 
tot,al radiation diminished by IR; where IR is the amount 
reflected from the earth's surface. From these are 
deduced IrJ=It-I,, Ir=It-It,,. and Ic=It,-18=IdTm&. 

.The diurnal and seasonal vanation of all theso quantities 
and of the ratios It /I8, I&, IC& and &/It are exhibited 
in tabular form. The last ratio is found to increase 
slightly with the height of the sun, but never to reach 
the value 0.1. The chief result is, however, the con- 
siderable magnitude of the ratios Id/& and IC/&. On 
clear days the former is on an average as large as 0.33, 
and tshe latter 0.23. On cloud days these ratios would 
of course be greater.--. A. d 
~- 

1 cOmp4r.3 R d w ,  May 9,1921,172: 1164-1167. 

EQUIVALENT RADIATIVE TEMPERATURE OF THE NIGHT 
SKY.' 

By W. H. DINES. 
[Reprinted from Science Abibads,  1921,24: 2164 

sds/. 52 : s-q" sav 
c a 4#> 

Obseryations taken intermittently from September 
1919 to February 1920 have 'ven equivalent radiative 
tern eratures of the zenith 9% rangini from 180' to 

Some later observations in June gave values about 264O 
abs. on clear nights. The seasonal range is certainly 
much greater than that of the actual air temperature, 
which is about loo C. On h e a d  clouded nights the 
sky tem erature differs little from t E e surface air temper- 
ature. b i n d  appears to make no difference to the 
radiation. It is estimated that on clear nights the 
average rate of net radiation from the earth (for the 
whole hemisphere) is about 150 gm. cals. per day, though 
the rate may reach 250 gm. chls. per day. 

As regards radiation at  various zenith dltances, the 
approximate relative values of the net radiation, 100 
denoting the net radiation to the zenith, found for clear 
nights in the last fortnight of May, were: 
Altitude ._............_..._..__. 90' 75' 60' 45' 30° 15O 0' 
Radiation.. .....___._._..__.__. 100 99 96 89 73 43 0 

-Ai. A. G. 

280 r abs., the lower values being con ned to winter. 

1 Jour. Roy. Mct'Z Soc., London, Oot., 1920,46: 408. 


